Introduction: Novel raw materials are being constantly searched for chicory coffee, which thanks to their specific composition can influence human health, thus promoting properties and of course the attractive aroma. Prior to their addition herbs -sea buckthorn (Hippophaë rhamnoides L.), rowanberry (Sorbus aucuparia L.), lovage roots (Levisticum officinale Koch) and dandelion (Taraxacum officinale coll.) -are roasted, which may change their antioxidant properties and generate free radicals with pro-oxidative properties.
INTRODUCTION
Chicory coffee is a beverage known for centuries and at present it is classified to the group of products associated with a healthy lifestyle. It is an excellent alternative for individuals who enjoy the taste and aroma of coffee, but may not consume caffeine for health reasons. The aromatic value of chicory coffee is provided first of all by the production process, while the selection of raw materials is also important. Traditional raw materials include roasted chicory and cereal grains. Novel attractive raw materials are constantly being searched, which -thanks to their unique composition -would enhance the aroma of chicory coffee [1] or even make it resemble that of coffee beans [2] . Herbal raw materials (sea buckthorn fruits, rowanberry, lovage roots, dandelion roots) have been selected as components of chicory coffee due to their bioactive components exhibiting antioxidant properties [3] [4] [5] [6] . However, before addition to chicory coffee these raw materials are subjected to the roasting process, which, similarly as in the case of coffee, on the one hand may cause changes in natural antioxidants (polyphenols and vitamins), while on the other hand they may generate free radicals with prooxidative properties [7, 8] . Despite the high content of compounds with potent antioxidant activity, studies indicating that free radicals are present in coffee (roasted coffee beans, ground and instant coffee, and prepared beverage) were performed. In a study conducted by Goodman and Yeretzian [7, 8] , free radical concentrations increased during roasting process.
Free radicals are atoms (or atom groups) with one or more unpaired electrons on the last electron shell. Their unique characteristics includes huge reactivity and the destructive effect on cell membrane structures. Free radicals are powerful oxidants. They oxidise compounds with phenolic, thiol and methionyl groups, resulting in damage to amino acids, proteins, hormones and enzymes, and they react with lipids of biological membranes. They are mutagenic and carcinogenic. Free radicals are analysed using electron paramagnetic resonance (EPR), a method exhibiting high specificity towards these molecules. It was shown that an excessive accumulation of free radicals in the organism as a result of disturbed redox potential equilibrium causes oxidative stress, responsible for the development of numerous diseases, including atherosclerosis, cancer, diabetes and Parkinson's disease, as well as aging [9] [10] [11] .
Protection may be provided by substances capable of scavenging free radicals. In the organism, enzymatic and non-enzymatic systems comprises a group of endogenous antioxidants. The most important enzymatic antioxidants are superoxide dismutase, catalase and glutathione reductase. Non-enzymatic antioxidants are glutathione, uric acid as well as proteins: albumins, transferrin and melanins. Humans have no control over the level of endogenous antioxidants, thus we need to increase the amount of exogenous antioxidants supplied to the organism, e.g. ascorbic acid, α-tocopherol, vitamin A, β-carotene and polyphenols both by increasing the share of vegetables and fruits in the diet and using herbs [12] . A number of studies deal with the antioxidant activity of herbs, medicinal plants and spices [13] .
The aim of this study was to characterise the antioxidant activity of roasted herbal raw materials (sea buckthorn fruits, rowanberry, lovage roots and dandelion roots) for the production of chicory coffee by estimated antioxidant activity by ABTS, free radical scavengers of DPPH, total phenolic content and to determine the level of free radicals formed under the influence of roasting.
MATERIAL AND METHODS

Standards and reagents
Standards and reagents were as follows: 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), gallic acid, Folin-Ciocalteu reagent, sodium carbonate, potassium per sulphate, ethanol, methanol, acetone, formic acid and were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Materials
Novel raw materials, i.e. sea buckthorn (Hippophaë rhamnoides L.), rowanberry (Sorbus aucuparia L.), lovage roots (Levisticum officinale Koch) and dandelion (Taraxacum officinale coll.) were purchased from Kawon-Hurt Company, Gostyń, Poland (commercial producer of herbal material). All novel raw materials were roasted. Samples before and after roasting were ground using a W Z1 laboratory mill (Sadkiewicz -Instruments, Bydgoszcz, Poland).
Roasting treatment
All novel raw materials were roasted in a BRZ 2 sample roaster battery (PROBAT, Emmerich am Rhein, Germany). Samples (100 g) were roasted in various conditions: -160°C, 18 min for lovage and dandelion roots and 160°C, 8 min for other raw materials -to obtain dark roasts.
Sample preparation
The ground herbs (0.5 g) were extracted with 10 ml of mixture water:acetone (3:7, v:v) in a mechanical shaker for 60 min and then centrifuged (10 min, 3000 rpm). A solution of the supernatant was transferred to a 25 ml flask extraction was repeated two times. The supernatants were combined and filled to mark by mixture of acetone:water:methanol (7:7:6, v:v:v) . The analyses were replicated (n=3), with the contents given as mean values.
Antioxidant activity
ABTS
Free radical-scavenging activity was determined by ABTS radical cation decolourization assay described by Re et al. [14] . The ABTS radical cation (ABTS + ) was produced by reacting ABTS stock solution with potassium per sulphate (final concentration) and kept in the dark at room temperature for 12-16 h before use. For the study, the ABTS + solution was diluted with ethanol to absorbance of 734 nm. Prior to each analysis, absorbance of Trolox (100 µg ml -1 ) was examined. For the evaluation, 3 ml of diluted ABTS + solution was added to 0.03 ml of polyphenolic extract or Trolox standard and then the mixture was vigorously shaken for 30 s. After 20 min incubation in the dark the mixture was poured into cuvettes and the absorbance was read at 734 nm. The scavenging capacity of the extracts was compared with that of trolox (y=917.91x, R 2 =0.9989,) and expressed as Trolox equivalents (TxE). Results were expressed as Trolox equivalents (TxE). The analyses were replicated (n=3), and the contents given as mean values.
DPPH
Free radical scavenging capacity of samples was determined using the method proposed by Nuutila et al. [15] . 3 ml of 0.1 M DPPH methanol solution was mixed with 0.1 ml of polyphenolic extracts or standard solution (Trolox). The mixture was shaken vigorously. After mixing, the tubes were incubated in darkness for 60 min at room temperature. Then the absorbance was read at 520 nm. Prior to each analysis absorbance of Trolox (100 µg ml -1 ) was examined. The scavenging capacity of the extracts was compared with that of Trolox (y=355.01x, R 2 =0.9997) and expressed as Trolox equivalents (TxE). The analyses were replicated (n=3), and the contents given as mean values.
Total polyphenol contents
Total phenolic content was measured in samples before and after the roasting process using the Folin-Ciocalteu colorimetric method described previously by Singleton and Rossi [15] . 0.5 ml extract was mixed with 2.5 ml of the Folin-Ciocalteu reagent and 2 ml of 7.5% sodium carbonate solution. Total phenolic content was determined after 1 h of incubation at room temperature. Absorbance of the resulting blue colour was measured at 765 nm with a UV-VIS spectrophotometer. Quantification was performed with respect to the standard curve of gallic acid. The results were expressed as gallic acid equivalents (GAE). The analyses were replicated (n=3), and the contents given as mean values.
Free radicals
Free radicals were examined using electron paramagnetic resonance (EPR) spectroscopy by measuring free radical EPR signal intensities. The samples were investigated at room temperatures with an EPR spectrometer (RADIOPAN, Poznań, Poland) in a standard chamber, in the X-band (9.4 GHz) with magnetic field modulation of 100 kHz. Ruby crystal served as a standard of the EPR relative intensity. The hydrostatic pressure cannot generate radicals, but it may provide an explanation of the processes in their generation and recombination. For this purpose the powder herbal materials (about 1 g) were pressurized under hydrostatic pressure of 1±0.001 GPa in a standard hydraulic press Type WK-18 (Poznań, Poland) for 6, 60, 300 and 1080 min. For EPR study about 45-50 mg of powdered plant material subjected to a pressure of 1 GPa in a hydraulic press has been used.
Statistical analysis
All data were expressed as mean ± standard deviation (n=3). Statistical analyses were conducted using Student's t-test. Values with p<0.05 were considered statistically significant. Statistica 9.0 software (StatSoft, Kraków, Poland) was used for all the analyses.
Ethical approval: The conducted research is not related to either human or animal use.
RESULTS AND DISCUSSION
In our study, the antioxidant activity, free radical scavengers and total phenolic content were detected in all investigated herbal materials before and after the roasting process (tab. 1). All roasted materials are good sources of bioactive compounds, estimated at the total phenolic levels from 23.9 to 38.8 mg GAE/g d.m. (dry matter). Sea buckthorn proved to be the raw material richest in bioactive compounds, for which before the roasting process the total phenolic content was 28.5 mg GAE/g d.m. Antioxidant activity by ABTS and free radical scavenging of DPPH were respectively 82.0 and 54.6 mg TxE/g d.m. Similarly, the highest antioxidant activity by ABTS and DPPH was determined in roasted sea buckthorn at 109.6 and 71.0 mg TxE/g d.m., respectively. In all herbal materials a significant increase was observed for the antioxidant activity and total phenolic content after the roasting process. The biggest increase phenolic compounds was observed for dandelion roots that was up to 5-fold. In agreement with these data, Lutz et al. [17] and Cepo et al. [18] observed increased antioxidant content and activity in cooked artichoke and roasted carob. Molecular changes and the formation of new compounds were responsible for these changes [19] . The major changes that occur during roasting are the formation of melanoidins in the Maillard reaction and caramelization reactions, which produce compounds with strong antioxidant properties [20] .
Despite high content of compounds with potent antioxidant activity, the results of the present study revealed the presence of native free radicals in novel herbal materials for the production of chicory coffee (tab. 2). The concentrations in raw materials ranged from 0.001 to 0.097 x 10 15 spin/g. Roasted materials were characterised by markedly higher free radical concentrations when compared with the corresponding samples. The content of free radicals increased by roasting process of 1.5-fold for lovage roots up to 35-fold for rowanberry. The lowest free radical concentrations were obtained for roasted sea buckthorn fruits (0.031 x 10 15 spin/g), while the highest for roasted dandelion roots (0.27 x 10 15 spin/g). The free radical concentrations in roasted dandelion roots and lovage roots were considerably higher than those of roasted sea buckthorn fruits and rowanberry. The roasting process caused an increased free radical content in coffee beans [7, 8] . Also some of the common, conventional food processing techniques such as e.g. microwave roasting, pan-frying, grinding or mixing to power also resulted in the generation of free radicals, but to variable extents [21] . Figure 1 shows an example of the EPR spectrum obtained for dandelion roots. The differences in the intensity of EPR signals indicate the amount of radicals. A shift of the EPR signal may be observed for the roasted material, which may indicate certain processes of recombination of radicals under the influence of roasting.
The influence of pressurizing time under pressure of 1 GPa on natural radicals in the unroasted and roasted herbal materials was also investigated by EPR. However, the results are ambiguous and require a more detailed analysis. Example of the EPR spectrum obtained for dandelion roots before and after roasting process, B -magnetic induction 
